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HEAT DISTRIBIJTI~ BY UhTURM C~ECTIW

J Douglas Balc-
10s Alms NJtloml Laboratory

LOS Al-s, W hXtCO 87545

S4-sry

Htturtl convection ctn provlti ~dc~u heat
d(strfbutlon in w $fWtfons tit arlw In
bulldfngs. Thfs fs approprlat8, fcr OXUP1O, in
ptssfve solir bulldfngs here sw roas tend to
be mre strongly solar heated tkmn others or to
reduce the ntier of heetlng unl ts rqulred In 4
bulld!ng. Naturtl afrfla tnd huat tm’mport
thragh dooruys end othor Interrml bufl ding
~pertures IS prodlctibl? snd cm be tccountd for
in the design, Tht nsture of netur~l conwctlen
1$ &scribed, tnd # dtstgn chtrt is prescntod
tpproprfau to a simple, stngle-doorwty slwttfon.
Hatur~l convective loops that ccn occur fn bufld-
ings tra described #nd # f- dasf~n gufdellno$ w.
prosmted.

Introduction

Hitirtl convection plays tho major rolo for
dfstr~butfon of host fn ntny passfve solar butld.
Ings, ●sptclilly those that employ sunspacts or
atria ●S c $olcr heat colloctior, cl~nt. Anothor
example fs 8 single remote roun on Us9 north sib
of the bull dfng. This convectfvo oxchan~ UCUC1.
ly fnvolvcs normal srchitecwril elmnts such as
doorueys, htllueys, r-s, and $teffwUS.

Los Alams hst masurcd ds+,a {n 12 Qctutl
bulldfng geometrlot to thoroughly understand thfs
complex prwess, Oottlled masur-nts of tfr
vclocfty and tempcl’tturo htw been utd to de?w-
dne tfrflou rttis and cnsrgy trtnsfor rttes. UC
havt found t.ht largt neural Conwctlvc exchm’igos
occur utth molest twipertture dlfforences and that
on~ oftm ffndt t convectlvo loop around the pes-
st es of .I t,m.story gcamtry. H* ffnd that
!bu ldln~ yixmetry tnd ~perturt sfzet have 4 mjor

Influenco on both sner~ exchange rates #nd thor.
●l cmfort.

Simple reltttonshlps h~vt boon dev~lopd to
prodlct energy exchange rttet tn portlculsr BltLM-
t~OnS, Md thcto how been conflrmd b~sedon
empwfmental obstrvttfont, Th@tc r~lttfonshfps
cm Vwn be uted to develop tislgn charts mid

?
rapht gu{tabl~ for use In the Ioywt of bufld-
ngt, The relult~ h~vt i~llcttlons not Only to

pts~tv~ solar hoatlng, hut to ntturtl cooling
ticimfques, In Mrw bltuetlons ncturtl convoct(on
—. —

Is an &dquat8mchanlsm for tmt dlstrlbutl@s,
and one -s not wed to r~ly M c~lox m’id
oxpelislve mech.mfcal qu!~t tnd controls of
qucstfomblo rolftifllty.

The Neturo of Coisvectfvo Exchange
Th rough A p4rtur9t

Buoytncy-Driven Fla

If tatotdjtcoftt S coswmctsdby a dmuayrtirough *O c~ w 1 wt at dffferont wqwra.
tureso a ntwrdl convectlvo OXChetI

r

of tfr will
occur throu@ the do.oIwAY. U~r9t r will flw
through the top of *O doomy fnto rno cwlor
roa tnd cool tfr wfll return to tho ~~r ma
through thobott iof tit doo~. The w @ff.ct
fs W transport hat fra the utrwr ro9m W W
coelw ra, tondlng to dacrtiso tlw t4q9rttir@
dtffwmco,
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Tlw alrfl - 1s bwymcy dr{von. ml~ It
ksum * sfr In tht Mm r- Is 11 t8r tim

rW alr In tho cool M and, thu$, WI 1 Wd to
rlsc, *I1O tilt air In tht cool r- falls. If
tht partl tfon bot~n *. W u8ro rwmvod,
Cratfng w lar~ r~, Uta dfrflm uould taka on
a S!W1O circular pattwn. Hw.vor, Uw pr.s.ww
of a psrtitioo with an oponing that fs m.ch wl -
lor In arm thsfl * partlt~om croaus a -or
flw Im@anco bc~ Wm roas, and th op.nlng
bcc~s UtQ govornlng olaont that controls tho
ratg of ongr~ transpert.

An Ex~lo

Alrflou . 300 cfm, snd
EnorW trtntport . 2U0 Btu/h.

CWro thit to c~~ctlon thrcugh W wall, sup.
on

~t’
at tlw U.V*l W frm rwm. to-r- is 0.4

tu/ft h ‘F, typlctl of #n unln8ul~ttd stid-
frm M1l. Tho condction hwt tr~, for lb,
thwoforn, 0.4 x 6 K 160 ■ 432 Btu/h. Thft Is
108s titn 1/5 th convoctfvo trsrmfor raw. TM
h~t Wm$fcr rat@, pw unit ar~, 18 51 tfns
gmttr for tho opmlng then for tho partlt(on,

E-w Transport

Strati ftcat{on
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Fig. 3, Typlccl Mttural Convoct!vo LIMP In t
Two-Story Houso with t SunspIcQ.
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-Y OF CUtVECTI~ MTA PEAUREDIti SIX W3ES

Sunnpc Sunsptce-tO-Hou8e

Area Comectlng Enofgy
~ Typfctl Totil Tran>~rt by

AT Atrfla Cmlvutiml

4 of Stories ft2 ft2 “F m Btu/h

2 400 80 6 1680 177m
3 2430

; :: 1?: 6 2= lssm
570 49 1: 1670 211m

1:5 310 1029 511U
2 210 ; 4 1190 4870

. PrQvl& 6 larg9 ogmfng at tlw Wp of tha mtn-
sp.9cQ for h tfr to .n*r W uppa story.
Doors art OXcol lent for this purposo, c1 thwgh
large o~~blo ulndw’s cmn tlso M used.
~rs am pmferablo bectus.c they tm l~rgor
bnd t?. m?. cpt tn M o~nd during tha

YA shotlou lMlc@ny oponfng onto the to lwc “
!of the sunsp4ce 18 t Wpulw doslgn o -nt.

If vontt at coiling hefght art ustd, it Is net
rteass~ry to close tha durfng the nfpht be-
caus.o Closlng openings #t the return end w(11
effoctlvely shut off * loop.

. Provfti for #frflm scross WI. upper level of
tho bufldfng fra tho south slds to W north
$i*, This IS convonfontly tch!eved uilnd k
hallwy, tlthough oth@r rocm ctn also M
Us,d .

. Provf* for Oounflai of tfr fn W north psrt
of tho buildtng; s stafruell servos this 9ur-
POM id,allym ThQ fact that tho tlr -y Mv@
to btnd around cornors to get across the
bulldtng, doun the Stdfrs, mid Into the l-r
portfont of the buildfn~ It of no groit con-

cern so long as the flou tra is Sdequtti. It
Is desfrtble for this peth to M tvintt the
nor* wall both to Incrctse M. airflow tnd to
assure Wut tho convective loop ctn of fecttve-
ly supply the hat loss.

. Arrqe for ~fr rctirn through the loutr flew
and back Into the sunsp~ce, Agiln, th!$ ●ight
be through a hJll WW or stwly tcross a rx.
It is Ossontltl to provide a tiorwy that ctn
bc closod in this portion of the wth. This
prcwents cool air frcm th~ sunsptce fra flow.
ln~ back into the bufldfng, tmdin~ to reverse
tho loop at night. Ulndous are not of foctlve
for this Purwtt bectuso they will not allou
cool floor- lcvol t{r VI reurn W the sunsptce.

Uhtthor CM bu!ldfng ts one or b stories, It
IS pirtlcul~rly of foctfve to rov’do W or more
level changes at tho

rr
ound f oor, stepping w

fra tJM north siti o M. building tomrd W
south . Thfs mkos tht floor lovol of UIo surmpsce
0. loutst point In tho loop so thct cool tlr wil!
drttn to this spot. Me or Wo st8ps snould be
sufffcfont. Elawa$x piantfng mds fn the sunsp#co.
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